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(54) METHOD AND DEVICE FOR CONTROLLING SURFACE CONDITION OF CERAMIC SUBSTRATE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method and device for 
controlling the surface condition of a ceramic body in a process 
chamber, which is provided with a vacuum pump, an anode and a 
cathode. 

SOLUTION: A vacuum is produced in a process chamber 100 by a 
vacuum pump. Gas is introduced in the chamber. An anode and a 
cathode are charged by a RF electric power 124. The gas is ignited 
and becomes plasma. The surface of a ceramic body is subjected 
to sputter etching with ion from plasma for removing contaminants. 
This method is adopted for controlling the surface condition so 
that a ceramic chuck may be in an initial condition in the process 
chamber 100 or for controlling the shape of the ceramic body or 
elements in a special chamber cleaning. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

JESlS!™ 1 ] The step whicli i is the approach of a<^j^^jpg.jl2s^sui^!cs state jpfthe^gera^ 
chamber which has a vacuum pump, an anode, and a cathode, and maintains said process chamber to a 
vacuum using a vacuum pump, The step which introduces gas into said chamber, and the step which 
energizes said anode and cathode with RF power, and generates the plasma by said gas, The approach 
which carries out sputter etching of said ceramic base with the ion from said plasma, and is characterized 
by having the step which removes a pollutant from a ceramic base. 

[Claim 2] Said gas is an approach according to claim 1 characterized by being inert gas. 
[Claim 3] Said gas is an approach according to claim 1 characterized by being reactant gas. 
[Claim 4] Furthermore, the approach according to claim 1 characterized by having the step which 
introduces into said chamber two or more gas other gas of whose the gas of 1 is inert gas and is reactant 
gas. 

[Claim 5] Said reactant gas is an approach according to claim 4 characterized by passivating the front face 
of a ceramic base. 

[Claim 6] Said inert gas is an approach according to claim 4 by which it is characterized [ which is an 
argon ]. 

[Claim 7] Said reactant gas is an approach according to claim 4 by which it is characterized [ which is 
oxygen ]. 

[Claim 8] Said reactant gas is an approach according to claim 4 by which it is characterized [ which is 
nitrogen]. 

[Claim 9] Furthermore, the approach according to claim 1 characterized by having SUTEPPU ** which 
exhausts a contaminant from a chamber. 

[Claim 10] The approach according to claim 9 characterized by discharging said pollutant by maintaining 
the pressure of a chamber to an about 1.5mm toll while carrying out sputter etching of a sink and said 
ceramic base for gas continuously from the chamber and the chamber. 

[Claim 11] The approach according to claim 9 characterized by discharging a pollutant by exhausting said 
gas as a result of maintaining a chamber pressure to an about 8mm toll among a cleaning process and 
carrying out sputter etching of the ceramic base. 

[Claim 12] The step which adjusts said surface state is an approach according to claim 1 characterized by 
being about carried out at a room temperature. 

[Claim 13] The step which adjusts said surface state is an approach according to claim 4 characterized by 
being carried out above a room temperature. 

[Claim 14] The step which adjusts said surface state is an approach according to claim 4 characterized by 
being carried out in 500-600 degrees C. 

[Claim 15] Said reactant gas is an approach according to claim 14 by which it is characterized [ which is 
oxygen ]. 

[Claim 16] Said reactant gas is an approach according to claim 14 by which it is characterized [ which is 
nitrogen ]. 

[Claim 17] In the approach of removing a pollutant from the front face of a ceramic chuck in the wafer 
processing chamber of a semi-conductor wafer processing system The step which said wafer processing 
chamber has the vacuum pump, the anode, and the cathode, removes a wafer from the front face of a 



ceramic chuck, and suspends the wafer processing in said processing chamber, The step which maintains 
£aid wafer processing chamber to a vacuum using a vacuum pump, The step which introduces argon gas 
into said processing chamber, and said anode and cathode are energized with RF power. The approach 
characterized by having the step which generates said gas to the plasma, the step which falls the pressure 
•of a chamber and makes a sputtering rate the optimal, and the step which carries out sputter etching of 
said chuck front face with the ion from the plasma, and removes a pollutant from a chuck front face. 
[Claim 18] Furthermore, the approach according to claim 17 characterized by introducing oxygen into said 
chamber and having the step which passivates the front face of a chuck. 

{Claim 19] Furthermore, the approach according to claim 17 characterized by having the step which 
detects the surface state of a chuck, answers the surface state of said chuck, and suspends processing of 
a wafer. 

[Claim 20] The vacuum chamber which is a sputtering etch cleaning chamber for adjusting the surface 
state of a ceramic base, and has the wall which forms an anode. The pedestal which forms the cathode for 
being supported in said vacuum chamber and supporting said ceramic base in said vacuum chamber, So 

the plasma may be generated and sputter etching of said front face of said ceramic base can be carried 
out to RF power source for supplying RF electrical potential difference The sputtering etch cleaning 
chamber characterized by having a source of gas supply for being combined with said chamber and 
supplying gas to a vacuum chamber. 

[Claim 21] Said source of gas supply is a sputtering etch cleaning chamber according to claim 19 
characterized by having a source of reactant gas supply containing the reactant gas for passivating said 
front face of the inert gas supply source containing the inert gas for carrying out sputter etching, and a 
free pollutant and said ceramic base. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] This invention cleans the ceramic component of the processing system of a semi- 
conductor wafer, and relates to the processing for adjusting a surface state. Especially this invention 
relates to the approach and equipment for cleaning the front face of the electrostatic ceramic chuck of the 
processor of the semi-conductor wafer which uses the plasma, and other ceramic components. 
[0002] 

[Description of the Prior Art] The reaction which uses as the base the plasma which gives deposition of 
the thin film controlled by accuracy is still more important for semiconductor industry. For example, the 
plasma reactor in the semi-conductor wafer processing system of hot physical gaseous-phase deposition 
(PVD) has a reaction chamber for having a substrate base material for supporting a substrate in the 
electrode (a cathode and anode) which was generally able to open spacing of the couple which generates 
electric field into reactant gas and a chamber, and electric field. It is embedded in the target ingredient 
which the cathode is typically embedded in the substrate base material, and the spatter of the anode is 
carried out on a substrate on the other hand, or should be deposited. Electric field ionize reactant gas and 
generate the plasma. The plasma characterized by the glow which can be seen is forward, negative reaction 
gas ion, and mixing of an electron. The ion from the plasma gives an impact to a target and makes a 
deposition ingredient emit. Thus, a deposit forms on the substrate currently supported on the front face of 
the substrate base material which is in a cathode immediately in a top. 

[0003] The special substrate base material of a type used for an elevated-temperature PVD system is the 
electrostatic chuck of a ceramic. The electrostatic chuck of a ceramic generates electrostatic attraction 
between a substrate (namely, semi-conductor wafer) and a chuck, and holds a wafer during treatment in a 
static position. An electrical potential difference is impressed to one or more electrodes embedded to the 
ceramic chuck inside of the body so that the charge of ******** antipole nature may be guided to a wafer 
and an electrode. The charge of antipole nature draws the wafer which is in the same flat surface to the 
support surface of a chuck, and, thereby, clamps a wafer electrostatic. Furthermore, in an "unipolar" 
electrostatic chuck, it is impressed by the electrode embedded in the pedestal where an electrical potential 
difference supports a chuck. If the chamber element with which the plasma was grounded, and the wafer on 
a wafer base material are contacted or it approaches extremely, an electrical potential difference will 
become the touch-down criteria of a certain internal chamber. A wafer is electrically connected to the 
earth through the plasma. Since a wafer is a dielectric, the bank and an electrostatic suction force are 
made for the charge of antipole nature by the rear face of a wafer, and the top face of a wafer base 
material between a wafer and a chuck. 

[0004] The ceramic ingredient used in order to make an elevated-temperature chuck is alumimium nitride 
or titanium oxide (Ti02) typically. They are the alumina doped with the oxide of a metal [ like ], or other 
ceramic ingredients which have the same resistive characteristic. This gestalt of a ceramic is semi- 
conductivity at an elevated temperature. For this property, a wafer is mainly held to a chuck according to a 
Johnson-Rahbek effect. Such a chuck is indicated by U.S. Pat. No. 5,117,121 published on May 26, 1992. 
One fault of using the chuck object made from the ceramic is that the property on the front face of a 
chuck changes with time amount. For example, if a chuck front face is put to an organic material, the 
engine performance of a chuck will deteriorate. Especially, the carbon (front face), the water, and the 



.hydroxides of an indeterminate gather in a chuck front face. If it lets a wafer pass from a load lock to a 
chamber or a chamber is put into a maintenance cycle at atmospheric air, while this contaminant 
•processes, it will enter in a chamber. Furthermore, in the deflation of a chamber element, failure of the O 
ring for example, in a chamber and deflation generate the pollutant of a hydrocarbon. If these contaminants 
^ generate the film of conductive carbon on a chuck front face and do not remove it, they generate glow. 
Furthermore, the excessive products of the wafer processing which produces contamination gather in a 
.chuck front face. However, the excessive products of these processings are not considered to be the main 
pollutants. After repeat processing or a maintenance cycle, are recording of these contaminants drops the 
engine performance of a chuck, and is not [ a chuck ] useful and carries out a chuck (the chuck force falls 
extremely and/or it becomes namely, less uniform). If a chuck is exchanged at an early stage, equipment 
will become expensive and will decrease in number the non-operating time of a chamber. 
[0005] Therefore, there is the need for the approach except the film of the contamination deposited on the 
ceramic element of the processing system of not only the support surface up one of a chuck but other 
semi-conductor wafers. 

* ™[qoo6],™_™^ — », . .■ 

[Summary of the Invention] These faults of the conventional technique are conquered by the approach and 
equipment for adjusting the surface state of the ceramic object of this invention. Furthermore, it is the 
approach of using the plasma, in order to remove the film of the surface layer which remains from the 
chuck front face [ in / in the gestalt of the 1 st operation / the processing chamber of a semi-conductor 
wafer ] according to this invention in a detail. The process chamber has the vacuum pump, the anode, and 
the cathode. This approach energizes the step which maintains a chamber at a vacuum with a vacuum 
pump, the step which introduces gas in a chamber, an anode, and a cathode with RF power, carries out 
sputtering of the step which generates gas to the plasma, and the front face of a chuck with the ion from 
the plasma, and has the step which removes a pollutant from there. Furthermore, two or more gas is 
introduced into a chamber. One gas is inert gas and other gas is reactant gas. Reactant gas is combined 
with the pollutant of not only the charge of facing of a chuck but the particle removed from a front face. 
This association passivates the contaminant of freedom, and the front face of a chuck. 
[0007] The gestalt of operation of the 2nd of this invention is the approach and equipment which perform 
the spatter cleaning process of the gestalt of the 1st operation within the cleaning chamber of dedication. 
This chamber has the cathode pedestal which supports the ceramic element which should be cleaned, the 
grounded anode chamber wall, and a vacuum pump. This approach energizes the step which makes a 
cleaning chamber a vacuum and maintains it with a vacuum pump, the step which introduces spatter 
etching gas into a chamber, an anode, and a cathode with RF power, carries out sputter etching of the step 
which generates gas to the plasma, and the front face of a chuck with the ion from the plasma, and has the 
step which removes a pollutant from there. Reactant gas is also introduced in a chamber and passivates 
not only the front face of a ceramic element but a free pollutant. 

[0008] As a result of having used the new approach of this invention, the film of the pollutant adhering to a 
ceramic object is removed enough, if a ceramic chuck is cleaned by this invention, since the integrity of the 
front face of a chuck will be maintained by it . — this substantial improvement increases the life of a 
chuck, and the engine performance, and various processing cycle cotton without a superfluous 
maintenance or the non-operating time of a chamber holds the force to clamp. 
[0009] 

[Embodiment of the Invention] In order to make an understanding easy, although the same component 
common to a drawing is shown, if possible, the same reference number is used for it. Drawing 1 is the 
sectional view of the PVD wafer processing chamber 100 for processing a semi-conductor wafer. It is 
********** by which the reader was published on July 20, 1993 in order to understand the actuation in 
processing of a PVD reaction chamber and a wafer in detail. Please refer to detailed explanation and the 
detailed drawing of 5,228,501 **. It indicates the wafer means for supporting used for PVD manufactured 
by Applied Materials in Santa Clara of cull FORUNIA. The wafer 102 appears on the substrate means for 
supporting 105, i.e., the support front face of a pedestal. A pedestal 104 has the pedestal base 106 and a 
shaft 126, and a shaft contains a lead wire required since it flows through DC and RF power from the 
power sources 122 and 124 which separated in a pedestal 104. furthermore, the shaft 126 — gas — it has 
a conduit and gas is supplied to the process cavity directly arranged through the pedestal 104 in the 
pedestal 104 upper part. Moreover, a pedestal 104 is equipped with one or more chuck electrodes 120 



embedded at the chuck base 1 1 8 of a ceramic. The rise-and-fall pin 110 is attached on the plat form 1 1 2 
connected to the vertical shaft 114, and it works so that the wafer 102 after processing may be lifted from 
•the pedestal front face 105. 

[0010] The target 116 of sputtering or a deposition ingredient is arranged above the pedestal 104. A target 
1 16 is usually aluminum or titanium and is electrically insulated from the chamber 100. The power source 
122 which separated is a DC power supply of high tension, and is electrically connected with the target 116 
between pedestals 104 for the magnetron which carries out sputtering of the wafer. Furthermore, the RF 
(high frequency) power source 124 is combined with the pedestal 104 through the pedestal base 106. Thus, 
a pedestal 104 forms a cathode and the anode which is a chamber wall about RF electrical potential 
difference. A remaining ring 108 and covering 138 surround the perimeter of a pedestal 104, and prevent 
deposition [ **** / un-] to the bottom field 140 of a chamber. About actuation, a wafer 102 is placed on 
the support front face 1 05 of a pedestal 1 04. Air is extracted out of a chamber through a vacuum pump 
128, and forms a low vacua, process gas — an argon is introduced preferably to a chamber 100. A power 
source 122 is energized and a wafer is clamped electrostatic to a support surface 105. Especially the 

- power source^ 22 impresses a DG bias to the -electrode 1 20 in the ceramic chUck bWe 1 1 8 

tension level produced according to the power source 122 makes gas the plasma, gives bias to a target 116 
and, thereby, is made to carry out the spatter of the target ingredient on a wafer. 
[001 1] The residue of a small particle accumulates unexpectedly on the chuck front face 105 during 
processing of a wafer. The conductive film from breakage of an organic material forms on the chuck front 
face 105 during wafer processing. These contaminants invade the integrity on the front face of a chuck, 
and reduce the electrostatic clamping engine performance. The conductive film is removed using low 
temperature and the new approach of carrying out spatter clean NINGU of an electrostatic ceramic chuck 
in a low-pressure environment using the inactive and reactant plasma electrically maintained by conductive 
mixed gas. This method of using the plasma, in order to remove a contaminant while there is no wafer is 
called a "sputter etching" process here. A this "sputter etching" process generates the plasma of inert 
gas, and that ion collides with a chuck front face, and removes the contamination film and the pollutant to 
which it adhered. Thus, the chuck front face 105 is cleaned and is maintained at the pretreatment 
condition. 

[0012] A conditioning process is started when the chuck force declines as a periodic maintenance routine. 
If degradation of a chuck is analyzed experimentally, a periodic maintenance routine can be performed and 
lowering of the chuck force by contamination on the front face of a chuck can be avoided. It replaces with 
it and acts as the monitor of the chuck force, and supposing it falls to the level which cannot permit the 
chuck force, conditioning of the chuck front face can also be cleaned and carried out. Consequently, it is 
stopped, and wafer processing is started, without the conditioning process of sputter etching putting a 
chuck to atmospheric air. A spatter cleaning process is started by transporting the wafer processed at the 
end through the slit bulb 146 of a chamber wall to the load lock (not shown). The chamber 100 which is still 
in the processing vacuum (about 10-7 to 10-9 toll) of a wafer is a room temperature. Inert gas (preferably 
argon) is introduced from the source 130 of inert gas to a chamber 100 through a bulb 132, the main flow 
control equipment 144, and a conduit 142, and the pressure range (preferably 8mm toll) of the optimal 
plasma jgnition is established. The RF power source 124 is energized in order to generate the "cleaning 
plasma." Although other power sources can also be used, the 13.56MHz power source 124 is a suitable 
"cleaning plasma" power source. That is because low bias voltage is offered on a chuck front face. Under 
these conditions, the "cleaning plasma" carries out the spatter of the contamination film selectively, 
without carrying out the spatter of the ceramic ingredient which forms a chuck. 

[0013] Once the plasma is generated, a chamber pressure will be lowered for the effectiveness of the 
optimal "cleaning plasma", or a SUPPATA etch rate. This optimal SUPPATA etch rate is the high mean 
free path (high mean free path) of the sputtering ion produced in the chamber pressure of an about 1 .5mm 
toll, and RF power level of 75W. It is in agreement, a limitation required in order that the "cleaning plasma" 
may remove a contaminant from a chuck front face — it is maintained within a chamber. A typical cleaning 
cycle is performed in the range for 2-20 minutes. A contaminant and excessive gas are discharged by two 
different alternate methods from a chamber. If a gas Floe process is used, a vacuum pump 128 will pump 
up a pollutant from a chamber 100 continuously, and, thereby, will maintain the chamber pressure of the 
about 1.5mm toll in a cleaning cycle, back fill (backfill) — if law is used, a pressure will be maintained by the 
about 8mm toll after ignition of the cleaning plasma. A vacuum pump 128 discharges a pollutant to the end 



of a cleaning cycle. 

[0014] More, the argon ion just charged in the detail, using an argon as inert gas is generated in the plasma, 
and an impact is given to the chuck front face by which bias was carried out to negative. This makes a 
ceramic activity and carries out the spatter of the remaining particle combined comparatively weakly from 
*a chuck front face. The impact of inert gas also removes the molecule of the gas by which it adsorbed in 
the porous ceramic ingredient which constitutes the chuck. In order to compensate the cleaning 
effectiveness of inert gas, reactant gas is also introduced from the source 134 of reactant gas supply 
through a bulb 136 to a chamber. Reactant gas goes into a chamber before ignition of the plasma. If oxygen 
is used as reactant gas, the oxygen molecule with which it was ionized within the plasma will react with the 
atom with which the spatter of [ on a chuck front face ] was carried out, and will form the residue and the 
passive state layer of inert gas on a chuck front face. For example, in the ceramic chuck which consists of 
alumimium nitride, it combines with alumimium nitride and oxygen forms the layer of an aluminum oxide on 
the surface of a chuck. This stratification or passivation protects a chuck front face from the further 

_QQnj:aminatjofljdu^ , 

maintained. The passivated dielectric layer thickness is dependent on the negative bias voltage and the 
negative process period on a chuck. 

[0015] An activity of the spatter cleaning process in an above-mentioned approach produces the front 
face of the ceramic chuck which is almost unrelated to all conductive film and the gas by which it 
adsorbed. After a spatter cleaning process is completed, a chuck is prepared for the processing cycle of a 
wafer, and the restart of it is carried out, without exchanging the element which has relation mutual [ by 
growth of the contamination film ] on the need of making a chamber into suitable vacuum level, the 
cleaning by the manual of a chamber, or the front face of a chuck. Other gas can also be used, although 
only an argon and oxygen were indicated in order to make the "cleaning plasma." For example, the helium 
which is inert gas can be replaced with an argon. Reactant gas may be chosen by determining the type and 
matter of a reaction which have reacted in order to make passivation of the ingredient removed, a chuck 
front face, or its both sides. For example, using nitrogen as reactant gas produces the profit of an addition 
called makeup of alumimium nitride on the front face of a chuck. 

[0016] As explained in the top, cleaning actuation can be comparatively performed at low temperature. This 
is especially useful in the ceramic to which covalent bond of the spatter cleaning was carried out. It is 
because this ceramic is decomposed into metaled abundant surface layers at the temperature which rose 
under the vacua. However, cleaning actuation can also be performed at an elevated temperature. For 
example, the conductive membrane surface of the graphite (contamination) formed on the chuck front face 
of alumimium nitride during processing of a wafer is removed using the approach of hot and above- 
mentioned. Especially, in the gestalt of this operation of this invention, reactant gas like oxygen is 
introduced into a heating chamber under a vacuum. The range of temperature is 500 degrees C - 600 
degrees C preferably. A chamber is heated by various known sources of heating containing a pedestal 
heater, a heat lamp, etc. Reactant gas is lit by RF energy source in the plasma at a generation sake. 
Originally the plasma contributes also to operating temperature. The oxygen atom highly stimulated in the 
plasma carries out the spatter of the pollutant from the front face of a chuck, furthermore, the spatter of 
the nitrogen is selectively carried out from the front face which does not have the pollutant which is 
abundance, and which is often boiling and is carried out in surface aluminum for high chamber temperature. 
Thus, the front face of a chuck reacts easily with the oxygen which forms the passive state layer of an 
aluminum oxide. A passive state layer delays re-growth of the conductive film [ **** / un-]. As mentioned 
above, this invention is not limited to the activity of the oxygen as reactant gas, but reactant gas can be 
used for it based on gas, the amount of a request of a passive state layer, and the ingredient that reacts. 
[0017] Although the gestalt of suitable operation of this invention was indicated as an approach of cleaning 
the front face of the electrostatic chuck of the ceramic in the processing chamber of the semi-conductor 
wafer of PVD, this approach is useful in order to clean the chuck of the ceramic of all types [ like ], 
although used for the wafer processor of etching and chemical gaseous-phase deposition (CVD). Although 
the gestalt of suitable operation of this invention was indicated as the approach of the cleaning to return, 
this invention can be used also in the cleaning chamber of dedication. For example, this invention is used 
for the cleaning chamber of dedication, and a thin film (for example, residue from exposure to a production 
process or air) is removed from the front face of a ceramic element. In order to avoid process 
contamination, before this cleaning uses an element at an elevated temperature in a vacuum environment, 



it is performed within a cleaning chamber. 

•[0018] Drawing 2 shows the cleaning chamber to the ceramic element which uses the approach of this 
invention. The cleaning chamber 200 includes the grounded chamber wall 206 which forms the pedestal 
(cathode) 204 by which RF bias was carried out, and an anode (that is, a cleaning chamber does not 
* contain a rise-and-fall pin, a target, etc.). The cleaning process is the same as above-mentioned it except 
for the point that the polluted ceramic element 202 is arranged on the pedestal 204. The gas from supply 
sources 130 and 134 is introduced into a chamber respectively through bulbs 132 and 136, the mass flow 
control device 144, and a conduit 142. Then, a pedestal (cathode) 204 is energized by the RF power source 
i24, and carries out sputter etching of the contaminant from an element. A free contaminant is removed 
from a chamber 200 through a vacuum pump 208. 

[0019] The cleaning which returns the front face of an electrostatic ceramic chuck is offered without in 
short, putting a chuck front face to the further contamination, since the vacuum in atmospheric air, i.e., a 
chamber, is broken if this invention is used. Thus, environmental destruction of a chamber does not need 
to return a chuck toa front pr oces s cg£jdjtjo^ JB£29£^j£J3Ht£b^b£ nQn ~oP er ating time of 

a chamber becomes^m to re- 

adjust the front face of a chuck ] — thereby — current — a long chuck life is promoted rather than 
available. The ingredient by which a spatter is carried out produces a cleaning process in the low voltage 
which compensates low dispersion or the low reverse of gas for the high thing for which it has a mean free 
path. This condition makes clearance of an excessive product easy from a front face, and prevents the re- 
accumulation and the superfluous deposition on a chuck front face. The equipment of this invention offers 
the cleaning chamber which can remove a contaminant from that of the ceramic element of various 
configurations, or a ceramic base. 

[0020] Although the gestalt of various operations incorporating instruction of this invention was shown and 
it was explained to the detail, what has the usual information of this field can know easily the gestalt of the 
operation by which many of others incorporating these instruction were transformed. 
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